Objective: This hospital-based retrospective cohort study was undertaken with a view to determine the epidemiological trend of measles in Lagos State, Nigeria
INTRODUCTION
Measles, a highly contagious disease still remain endemic with devastating effect and causing high morbidity and mortality among young children in developing countries, despite the availability of a safe and effective vaccine [1] . It is estimated that, of the 80 million children born annually in the developing world, about 5 million die and about the same number end up crippled, blind, mentally retarded or otherwise disabled as a result of vaccine-preventable diseases [2] .
Mass immunization campaigns with the liveattenuated measles vaccines have substantially reduced the cases of measles death. The joint WHO/ UNICEF 2001 measles mortality reduction plan focuses on 45 priority countries that account for almost 95% of global measles deaths [3] . With support from the Measles Partnership, a consortium of not-for-profit and UN-based organizations, African region countries have made outstanding progress towards the World Health Assembly goal of a 50% reduction in mortality worldwide [4] . Although vaccination coverage has remained low in some African countries, the region recorded an estimated 60% reduction in measles mortality from the 1999 baseline level of 500,000 to 200,000 in 2004 [5] .
According to WHO estimates in 2000, measles accounted for approximately 777,000 deaths worldwide, of which around 60% occurred in sub-Saharan Africa with Nigeria in particular accounting for a substantial part of the burden. The number of cases reported to WHO/UNICEF dropped from 520,000 in the year 2000 to 316,000 in 2005 [4] . In 1980s, before widespread vaccination, measles caused an estimated 2.6 million deaths each year but in recent years, global mortality have decreased by 78%; from 562,000 deaths in the year 2000 to 122,000 in 2012 [1, 6] . Although the regional objectives have not yet been achieved, the recorded success suggests that considerable progress has been made in reducing measles regional mortality [5] .
Despite this regional and global concerted progress however, measles still account for the highest (50%) mortality among the six vaccine-preventable diseases under the WHO-EPI [7] . Indeed globally, estimated 30-40 million cases still occur annually with the overwhelming majority (>95%) of deaths occurring in countries with low per capita incomes and weak health infrastructures [6, 7] . Although measles morbidity and mortality patterns tend to differ between continents and geographic locations even within regions of the same country, many developed countries such as the Americas have however made considerable progress towards measles control [8, 9] .
Poor vital registration and under-reporting of cases complicate strategic planning of disease control program in Nigeria. The changing patterns of measles epidemiology in most African countries including Nigeria therefore, require new data to show the morbidity and mortality trend for future strategic planning. With a view to determine the current epidemiological trend of measles, its incidence and case fatality rate, we conducted a 10-year hospitalbased retrospective investigation in major urban and suburban healthcare facilities in Lagos State, Nigeria. The hospitals served as referral centres for both in-patients and outpatients in the various communities under the respective Local Government Areas (LGAs) of the State. Patients brought to these hospitals cut across all socio-economic classes of the population. Thereafter, medical records of clinically diagnosed patients with confirmed measles cases for the 10-year period were retrieved, transcribed and reviewed for analysis.
METHODS

Ethical
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Case definition and Confirmation: Measles case was defined as patient characterised with prodromal fever (39°C-41°C), generalized maculopapular rash appearing on the face between the 3rd and 7th day from the onset of the disease, lasting 4 -7 days with at least one of: conjunctivitis, coryza, croup and pathognomonic Koplik's spots on the buccal mucous membrane. Clinically suspected measles cases were further confirmed routinely by the various hospital laboratories using measles IgM ELISA kit.
Data collection: Records of documented confirmed measles cases were transcribed. Important demographic data such as; name, address, sex, age, nationality, symptoms, complications and mortality of all measles patients on record for the 10-year reviewed period were collected from the visited referral hospitals in Lagos State. As at the time of this study, the estimated population of Lagos State according to Lagos State Bureau of Statistics was 19 million. Vaccination history and travel records were found not documented in all the referral hospitals under review. The established system of each hospital's record keeping, staff compliance and inadequacies in data collection, storage and retrieval were also noted.
Data Analysis: All transcribed data were subjected to full statistical analysis using the computer Software "Statistica for Windows, Version 5.0, © STAT Soft Inc., USA. Analysis of variance (ANOVA) was performed to assess statistical significance between groups (sexes, age, hospitals, months of incidence and year), using the "Kruskal-Wallis Test" while multiple comparative test of significance in measles cases and deaths between the different hospitals was done with "Tukey's Test"
RESULTS
Out of the 35,500 clinically confirmed cases of measles for the 10year period, 835 deaths were recorded (case fatality = 2.35%/10 years). The mean incidence for the study period was estimated at 19 cases per 100,000 population/year. This translated to 0.45 deaths per every 19 reported cases per year/100,000 population. The absolute numbers of deaths declined as cases reduced; unfortunately, case fatality rates did not improve for the study period ( Figure 1 ). There was however no statistical significant difference between male and female in cases and fatalities (p>0.05) for the 10-year period. Furthermore, the overall number of reported cases in all the hospitals was marginally higher for males than females (Figure 1 ). This study revealed that the under-five years of age accounted for 76.30%, while patients above 5 years accounted for 23.70% of the entire cases. The highest mortality (449/11073) was recorded among the under 1-year age group (Figure 2) . The ratio of each group death to the total group deaths was calculated as the overall percentage death in the various age groups studied. This showed that, the age group 1-4years had the highest reported cases (45.1%) while; the highest death (53.8%) was recorded among the under-1 years of age for the study period (Figure 2 ). However, there was statistical significant difference between the reported number of cases and deaths among the various age groups (p<0.05). The overall case fatality was also found to be declining as the age increases ( Figure  2 ). Generally, measles cases were recorded throughout the year for the study period with peak incidence observed between the month of August and the dusty/humid month of April. This was followed by a rapid decline during the rainy months of May to July (Figure 3) . Although there was a periodic upsurge of cases observed every 2 years, there was no statistically significant difference (p>0.05) between the annual occurrences among the years under study (Figure 3) .
DISCUSSION
Surveillance to assess the burden of disease and guide vaccination policy remains critical for measles eradication plan. In this study, a total of 35,500 measles cases with 835 deaths were recorded (case fatality rate, CFR =2.35%/10 years). The mean incidence was estimated at 19 cases per 100,000 population/year, translating to 0.45 deaths per every 19 reported measles cases per year/100,000 population. The incidence and the CFR as observed in this study are high however, it is in concomitance with the documented WHO records on Nigeria for the years 2008 and 2010 and other African countries like Malawi, Lesotho and Zambia [10, 12] .
Our observations in this study further reiterate that measles, although virtually forgotten in the Americas, [9] is still a problem in Nigeria. This study Figure  1) . However, there was no significant impact on the morbidity and case fatality reduction for the 10-year period (p>0.05). Similar observation was also reported in another parallel study by Kremer et al. , that the various SIAs have so far had no significant effect in the interruption of the circulating measles virus strains in Nigeria [13] . This may account for the likely accumulation of children susceptible to measles and its resurgence which has hitherto being a major setback to measles eradication in Nigeria.
The ratio of each group death, to the total group deaths was calculated as the overall percentage death in the various age groups studied. This showed that, the age group 1-4years had the highest reported cases (45.1%) while; the highest death (53.8%) was recorded among the under-1 years of age for the study period (Figure 2) . Moreover, the incidence, severity and fatality of cases as observed in this study also reduce as the age increases (Figure 2) .
It is however unclear to state whether our study population is vaccinated, unvaccinated or mixed since it was not indicated in the transcribed hospital records. Studies have demonstrated that vaccination programs shifts disease burden out of the age group with the highest case fatality [14] . The high fatality observed among the under-1 year of age in this study may be adduced to the immature cell-mediated immune response of these young infants as reported by previous workers [15] , and which often render them more prone to the fatal and life-threatening measles complications. The notable shift of measles vulnerability towards the under-five (age group 1-4years) from under-1year as observed in this study could be the expected consequence of moderately high but non-sustained vaccination coverage of various Nigerian immunization programs whose primary target age group has been one-year (specifically 9 months). However, the under 1-year children that missed the vaccination opportunity are left unprotected and vulnerable to measles thereby, constituting the high-risk population quadrant for the disease dissemination at older age whom the disease tend to shift. The introduction of the second dose policy for measles vaccination as previously suggested by Oyefolu et al [16] , in another separate study may not be a misplaced priority towards stemming measles in Nigeria.
The overall number of reported cases for the study period was marginally higher for males than females in all the public hospitals (Table 1) but, there was no statistical significant difference in genders (p>0.05) suggesting that there was no gender discrimination and girls were not denied basic medical care as observed by workers elsewhere [17] . Although vitamin A supplementation, nutritional status and access to health care have been identified to play important role in stemming measles morbidity rate in developing countries [14] , there was no record regarding the nutritional status of the subjects from any of the hospitals under review. This observation calls for concern as it may allow the possibility of erroneous exclusion of undernourished integral part of the population that require vitamin A supplementation as recommended by WHO [18] .
Measles cases were found to occur all through the months of the years for the 10-year period with peak incidence in the months of August and April (Figure 3) . These months are known to be dusty and humid in southwest, Nigeria. Although, a periodic upsurge of measles was observed every 2 years, there was however no significant difference (p>0.05) between the annual occurrences among the years under investigation (Figure 3 ).
In this study, the CFR recorded for the urban referral hospitals was 3.57 as compared to 0.57 recorded for the sub-urban referral hospitals. The sharp difference in the CFR may be attributed to the fact that the rural and the suburban communities visit hospitals only when measles complications are exacerbated, scary and life threatening [19] , and could probably explain the reason for the low CFR recorded at the suburban hospitals despite their high documented morbidity (Table 1) . It was however observed that, MSCH had the highest CFR of 5.46 among the urban referral hospitals (Table 1 ). This may be because MSCH is the only referral children hospital in Lagos State where most of the complicated scary measles cases ended up. Generally, there was significant difference between the CFR at the urban and the suburban hospitals (p<0.05). Similar observation has been reported in another separate retrospective cohort study in these hospitals [20] .
The 10-year hospital record surveillance further indicated that measles is still endemic in this part of the world. Vital demographic data such as nutritional status, vaccination and travel history were completely not available in all the transcribed hospital records thus, limiting this study from assessing the vaccine efficacy and its effectiveness among the subjects studied.
Funding for the computerization of medical records in Nigerian hospitals has become imperative for proper keeping and retrieval. The re-orientation through training and re-training of hospital health workers, medical record officers and their managements towards the importance of proper and detailed record keeping (using computers) will in no small measure contribute positively to systematic data collection, storage and retrieval for epidemiological studies of vaccine preventable diseases in Nigeria. Health education at community level, vaccine check-up and potency monitoring with reenforced publicity and jingles at the various levels of Nigeria health system are essential factors that needs immediate consideration.
This study recorded high incidence and case fatality for measles, which poses serious public health threat in Nigeria. The information from this study will provide adequate knowledge that will assist the health authorities and policy makers in proper planning, prevention and control of measles in Nigeria. Further elaborate population-based studies are still needed to redirect health authorities in targeting control programs with a view to reduce 
